Summary: In describing physicochemical properties of interfacial interactions, the interfacial tension is a major parameter. In the case of biological or body fluids, the presence of surface active substances influence the value of the surface tension. Thus, several proposals have been made for methods to investigate the changes in surface tension. Alterations of surface tension (compared to those of the normal values, e.g. of amniotic fluid) may indicate a pathophysiological status.
Introduction
The interaction between biological fluids (e.g. blood, saliva, amniotic fluid, etc.) and non-biological surfaces artificial membranes, gas etc.) is a welkcharacterized field of investigation, especially for its clinical application. In general, surface contact interactions occur at the interface of gas/liquid, liquid/liquid and liquid/solid systems. Folio wing examples demonstrate the importance of interfacial phenomena in biological systems: The blood (e.g. in open heart surgery) is in direct contact with gas in a bubble-oxygenator, or in contact with gas-permeable membranes in a membrane-oxygenator (1, 2, 3) . Such contacts are also provided in dialysis and artificial heart and heart valves between blood and artificial surfaces (4) . In all of these and other artificial organs, undesired interactions at interfaces limit seriously the duration of their application. In the case of the interaction between gases and biological liquids, the interfacial tension is one of the most important parameters which describe the phenomena occurring at the interface. One example is the direct measurement of surface tension of amniotic fluid in connection with the respiratory distress-syndrome (5, 6) ; measurements are also made with cerebrospinal fluids and other body fluids (see also tab. 4) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) .
Besides its clinical interest, the knowledge of the interfacial tension is required e.g. for liquid-liquid blood oxygenation (18) and could be helpful for blood filtering tests (19) .
0340-076X/81/0019-0267S02.00
The significance of the reports in the literature is difficult (when not impossible) to interpret, since different methods are used under different boundary conditions; the present report describes a systematic measurement of blood and a few other physiological fluids, where the importance of dynamic measurements -i.e. the change of surface tension with time, is emphasized. A new method is used. We propose the use of an inert liquid (we use fluorocarbons) as a reference fluid instead of air, against which the surface tension of the biological fluid is measured. The practical applications of these measurements are also discussed.
The high solubility for gases and the inertness of these liquids allows their application as gas carriers e.g. for synthetic blood, in organ perfusion, in liquid breathing, and in liquid-liquid-oxygenation as liquid membranes (18, 20, 21) . For practical use, however, some corrections, depending on the physical properties of the system (25) are necessary. This is described in the next section.
Surface and interfacial tension
The existence of surface tension is best demonstrated by the tendency of water to form drops in the air. Different theoretical treatments and models were introduced for this phenomenon (for a discussion, see (22) ). The surface tension which is manifested at the interface of two fluids (e.g. air/water) is measured in mN/m (dyn/cm); this actually does not have the dimensions of tension (pressure) which is given in N/m 2 (dyn/cm 2 ). Nevertheless, it has been shown by L. Prandtl (23) that the surface tension is in fact a tension.
In the case of two immiscible fluids such as water and oil, the term of interfacial tension is used instead of surface tension. If one or both liquids are surfaceactive, the interfacial value is a function of time (age of the fluids). This fact becomes very important for the case of biological fluids (see later discussion).
There are several methods for measuring interfacial tension (22) ; usual ones are: the ring-method, the dropweight method, the FV/V/te/wy-plate method, and the pendant drop method. We have used the well-known ring-method ofDuNoüy (24) . This method provides accurate correction factors, is easy to handle and has been used widely by other groups: A ring is immersed in phase I (see fig. 1 ). The surface of interfacial tension between phase I and phase II is determined by the force required to detach the metal ring from the surface. Phases I and II can form ä liquid/gas or liquid/ liquid-system. The surface (interfacial) tension is given by the equation: f 4 (eq. where f is the measured force by a tensiometer and R is the radius of the metal ring.
(eq. 2) First, the instrument was calibrated according to equation 1 by weights between 0.5 to 1 g. Here we obtain the ring-specific factor ßi (the factor ßi should not be evaluated by calibration of the device with water, since the smallest amounts of surface active agents influence a correct measurements). The factor C for this device is equal to zero because the Kruss-tensiometer is linearly compensated to water at 20 °C (Fa. Kriiss; technical information for the ring-method). Finally, the main correction factor 0 2 for the density of the fluids and the geometry of the ring was obtained from tables which are given in (26) . Empirical equations are also presented in (27, 28) to approximate the correction factor 0 2 -The measurements were carried out at 20 °C and 37 °C. The measurement vessels were cleaned with chromosulfuric acid and were heated with gas flame before every new measurement.
Chemicals and samples Liquids used are water (twice distilled), saline (8. tes intervals). Every biological fluid tested here (in contrast to water) possesses its own dynamic characteristic, depending on kind and concentration of surface active agents. At the beginning of the measurement the decrease of the surface tension is rapid, but after a time an asymptotic value is approached. Figure 2 shows that this fact is body fluid-specific, for example faster for plasma than for amniotic fluid. (In our experiments we could measure a significant time drop of surface tension for amniotic fluid even up to two hours).
Considering the blood (with its complex component composition) as one of the most typical biological fluids, the question arises, how can its surface tension best be studied? Our approach involves measuring the behaviour of the investigated components under the same conditions. The effect of erythrocytes was investigated by increasing the haematocrit (tab. 3), which does not influence the value of interfacial tension and surface tension significantly. Preliminary experiments using the ring-method, showed no significant influence of the platelet number on the surface tension. As shown in table 2, plasma, serum and albumin were measured, in particular to study the effect of the proteins. Principally, the same tendency is valid for interfacial tension measurements against fluorocarbon. It was mentioned earlier that measurements of interfacial tension against inert liquids (here flüorocarbons) instead of air could have some advantages: The "reference" fluid (fluorocarbon) provides more stability than air because of its incompressibility, and it has a good heat condictivity. A further application worth noting is that where there are problems of absorption (e.g. blood (1)) to solid surfaces, the reference fluid could act as a model with the interfacial tension as a helpful parameter (for example Teflon® and flüorocarbons are related materials). This requires, however, more precise techniques. Finally, the interfacial tension itself is necessary, if gas transport studies are intended (18 If the changes in surface tension values have a diagnostic significance, the measurement conditions and methods should be standardized. The knowledge of time dependence of the surface tension for any biological fluid is necessary; this is a dynamic measurement in contrast to a static one. The lack of the above conditions is the reason for discrepancies found in the literature (see tab. 2, 3, 4), thus a comparison is difficult if not impossible.
Therefore it is reasonable to suggest standardization. We propose the following conditions which should be fulfilled:
-age of the biological fluid should be defined -age of the interface of the systems should be defined -measurements performed at constant temperature -preparation of the biological fluids should be standardized; this is, for instance, in the case of amniotic fluid, very important, and includes the mode of centrifugation, elimination of the contaminats and effects of freezing samples -the type of anticoagulant which is significant in the case of blood and should be standardized -the use of different devices renders more difficult the comparison of the measurement on the same liquid system. Therefore correction factors should be taken into consideration -to avoid subjective errors, e.g. in the case of Du Noüy apparatus, the detaching of the ring should be automatized (e.g. motor driven)
